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1Abstract 

Nearlyacenturyago,adeadlypandemi cswepttheglobe,takingwithitover25
millionlives.ThispandemicwascausedbytheelusiveSpanishinfluenzaof1918.
Althoughmanydecadeshavepassedsincethispandemic,researchhasyettouncoverthe
exactoriginoftheSpanishinfluenzaandt hecauseofitsincreasedvirulence.By
examiningthecurrentresearchontheSpanishinfluenza,someofthesecretsofthisvirus
canbeuncovered.Mostoftoday’sresearchsupportsthetheorythatthehemagglutinin
receptoroftheSpanishinfluenzawas themostlikelysourceofitspotencyandthatitwas
anamalgamationofswineandhumanstrainscreatedfromacommonavianstrainthat
createdthisvirus.Basedupontheinformationthathasbeenuncovered,thereisa
considerablechancethattheSpani shinfluenzaorasimilarstraincouldreturninthe
future.Theprocessesofrecombinationandreassortmentcreateanendlessamountof
geneticvariantsofthevirusandanyoneofthemhasthepotentialtobelethal.Although
anaturalemergenceoflet halinfluenzaisapotentialthreat,theartificialreconstructionof
theSpanishinfluenzaoranotherlethalstrainforthepurposesofbioterrorismmaybean
evenbiggerthreat.Thus,itisnecessaryforresearcherstopressonwiththeirsearchfor
thesecretsoftheSpanishinfluenzasothatafutureoutbreakcanbeavoided.As
researcherscontinuetodotheirjob,thegovernmentmustalsotakeactionanddevelop
themostefficientapproachtoprotectingthepublicfromdeadlystrainsofinfluenza.
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41. Introduction 
Over80yearsago,ahorrifyingpandemicswe pttheglobe,takingwithitover25
millionlives.ThisunstoppableforcewastheSpanishinfluenzaof1918.Althoughithas
beendecadessincetheSpanishinfluenzastrucktheworld,therearestillveryfew
answersastowhythisstrainofinfluenzaw assodeadly.Evenafternearlyacenturyof
research,scientistshavenotyetdeterminedwithcertaintytheoriginoftheSpanish
influenza,norhavetheysettleduponthecauseofitsincreasedvirulence.Althoughthe
Spanishinfluenzaoccurredlongag oandisforgottenbymany,thefactthattoday’s
researchersbelieveapandemicofsimilarproportionscouldariserevealsthattheSpanish
influenzastilldeservesourattentiontoday.
InordertosolvethemysteryoftheSpanishinfluenzaandcreatea planofattack
againstfutureoutbreaks,ithasbeennecessarytoconductanintensiveexaminationofthis
lethalviralstrain.Currently,thereareseveralprevailingviewsonhowtheSpanish
influenzaaroseandwhyitiswassopotent.Althougheacht heoryclaimsadifferent
originoftheviralstrain,theyallagreethatthelethalityoftheSpanishinfluenzaismost
likelyduetoavariationinthevirus’hemagglutininreceptorallowingthevirustoinfect
moreefficiently.
Thispaperwillattemptto showthatanalteredformofthehemagglutininsurface
proteinisthemostconceivablecauseoftheSpanishinfluenza’svirulence.Thispaper
willalsoestablishthatthemutatedattachmentsitewascreatedbyanamalgamationof
swineandhumanstrainso ftheinfluenzavirusthatwerebothcreatedfromanancestral
avianstrain.Byexaminingthecurrentresearchandrevealingthemostprobable
5explanationoftheSpanishinfluenza,someofthesecretsofthisdeadlyvirusmaybe
uncoveredsothatasimila rpandemiccanbeavoidedinthefuture.
62. A Brief History of the Pandemic 

BeforediscussingtheSpanishinfluenzafromamolecularstandpoint,itis
importanttoexaminethehistoryofthepandemicthatthisdeadlyviralstrainbrought
upontheworld. TheSpanishinfluenzastrucktheworldintwomassivewaves.Thefirst
wavebeganinthespringof1918intheUnitedStatesandproceededtospreadacrossthe
globe.Thisfirstwavewasmuchweakerthanthefollowingwave,butstillconsiderably
more virulentthananyotherinfluenzaepidemictheworldhadeverseen.Justasthis
initialwavewasbeginningtowane,asecond,morelethalwavebegantosweepthe
world.Thissecondsweepwouldprovetobethemostdevastatingstrainofinfluenzathe
worldhaseverknown.
ItwasinMarchof1918,thatthefirstsweepoftheSpanishinfluenzaaroseinthe
UnitedStates.Foranumberofreasonsthisinitialoutbreakofthefluwasnotgiven
significantattention.ThefirstwaveoftheSpanishinfluenzawa smorepotentthanthe
usualoccurrences,butstillnotsignificantenoughtowarrantthepublic’sconcern.One
reasonforthelackofconcernshownforthefirstwaveofSpanishinfluenzaisthefact
thatinfluenzaoutbreaksoccureveryyear,andthusar econsideredcommonplacebythe
population(Wagner,1999,p.289).Theappearanceofthefirstwaveduringwartimewas
alsoacauseforthelackofattention.Duringthespringof1918,thewarwasstillgoing
strongandlittletimeorenergywasavailab letonoticethispotentstrainofinfluenza
(Crosby,1989,p.18).
ThelackofconcernforthefirstoutbreakofSpanishinfluenzaisunfortunate
becauseitwasmostlikelyduringthisperiodthatthevirusfurthermutatedintoaneven
deadlierform.B asedonthesimilarityinsymptomsandageofvictims,scientistsbelieve
7thatthefirstwaveoftheepidemicwasinfactalesssevereformoftheSpanishinfluenza
thatstruckinthesecondwave.Thestrainthatcausedthefirstwavewasmorevirulent
thanordinarystrainsofinfluenzaandhadanincreasedpropensityforcausingpneumonia
anddeath,especiallyinvictimsintheprimeoflife.Thestraininthefirstwaveofthe
pandemicalsohadthecharacteristicsymptomoflargeamountsoffluidbuild upinthe
lungs,thesamesymptomseeninthesecondwaveoftheSpanishinfluenza(Crosby,
1989,p.20- 21).Theextensivesimilaritiesbetweenthestrainsinthefirstandsecond
wavesoftheepidemicareevidencethatitwasthesamebasicstrainthatc ausedboththe
firstandsecondwavesoftheSpanishinfluenzastrain.
AftersurfacingintheUnitedStates,itisthoughtthatthefirstwaveofSpanish
influenzamadeitswayintoEuropeonshipscarryingAmericantroopsacrossthe
Atlantic.Thefirsta ppearanceoftheSpanishinfluenzainEuropewasinanAmerican
campclosetoBordeaux.Thiscampwasamainpointofarrivalfortroopscomingfrom
theUnitedStates(Crosby,1989,p.25).Basedonthispoint,itwouldappearthat
Americantroopsweret hesourceoftheSpanishinfluenzainEurope.OnceinEurope,
theSpanishinfluenzawasinfluencedbythefrequentmobilizationsandcensorship
associatedwithwartimeandrapidlyspreadthroughoutEuropeandAsia(Crosby,1989,
p.28).Withinfourmonth sofitsinitialoutbreakintheUnitedStates,thefirstwaveof
theSpanishinfluenzahadspreadacrosstheentireworld(Crosby,1989,p.28).
AlthoughtheinitialoutbreakoftheSpanishinfluenzawasnotextremelylethal
andwasignoredforthemostp art,itispossiblethatthisfirstwavegavethevirusthe
opportunitytoacclimateitselftothenewhumanhostandreplicateenoughtohave
massiveamountsofvirusavailableforthesecondwaveofinfection.Thesecondwaveof
8Spanishinfluenzaappear edinSeptemberof1918,atCampDevensinMassachusetts
(Crosby,1989,p.4).Thiswavewasinitiallydiagnosedascerebrospinalmeningitis
because“theabruptnessoftheonsetofthediseaseandthedegreetowhichit
overwhelmedthepatient…seemedfa rtooextremetobeattributedtoinfluenzaofany
kind”(Crosby,1989,p.5).Doctorsbelievedthatthesoldiers’symptoms,including
headache,fever,weakness,andthesuddenonset,pointedtowardsmeningitis.Further
examinationofpatients,however, revealedthatothersymptomssuchascoughing,sore
throat,runningnose,andachingbacksandlegswerealsopresent.Thesesymptomswere
moresimilartothoseattributedtoinfluenzathantothoseofmeningitis.“Thelethalityof
theSpanishinfluenzawasinpartduetoitscausinghemorrhagingandextensivecell
damageinpulmonarytissue…Victimsessentiallydrownedintheirownbodyfluids”
(Wagner,1999,p.413).Asmoreandmoretroopsshowedupwithwhatwasbeingcalled
cerebrospinalmeningitis ,doctorsbegantoreconsidertheirinitialdiagnosis.Someofthe
soldiers’symptomswerethoseofmeningitis,buttheprevailingsymptomsindicatedan
infectionintheupperrespiratorytract(Crosby,1989,p.5).Afterobservingallofthe
influenzasymptomsandthepulmonarydamageinflicteduponthevictims,medical
examinerswerecompelledtochangetheirdiagnosisfrommeningitistosevereinfluenza.
SoonaftertheinitialappearanceofthisnewvirulentformofSpanishinfluenzaat
CampDevens,ou tbreaksofthisdeadlyfluaroseallovertheUnitedStates.Acrossthe
nation,peopleweretakingillanddyingwithin48hoursoftheonsetoftheirsymptoms.
Thisstrainofinfluenzadifferedfrompreviousstrainsinthatithadanelevatedpropensity
forcausingfatalpneumoniaanddidsomuchmorerapidly(Crosby,1989,p.5).The
Spanishinfluenzastrainwasalsomuchmorefataltoindividualsintheprimeoflife,as
9opposedtojusttheyoungandoldaspreviousstrainsofinfluenzahadbeen(Cros by,
1989,p.21).Unlikethefirstwave,thelethalityofthissecondwaveofSpanishinfluenza
caughttheattentionoftheworld.However,thewarwasstillgoingonandmoney,
doctors,andnurseswerescarce.Itwasdifficulttomountaunifiedattack onthe
pandemicanditwasthereforeabletospreadjustaseffectivelyasthefirstwave(Crosby,
1989,p.49).PerhapsiftheSpanishinfluenzahadappearedduringpeacetime,there
wouldhavebeenenoughresourcesavailabletoconcentrateoncontaining theepidemic
andendingitmuchmorequickly.Unfortunately,countriesweresoconsumedwiththe
warthatitwasimpossibletofocusontheimmensetaskoferadicatinganepidemic.
Figure1.DeathratesintheUnitedStates.
IntheS pringof1919,oneyearafterthefirstwaveshoweditselfintheUnited
States,thesecondwavehaddisappearedandtheSpanishinfluenzapandemicwasover.
Therewasabriefresurgenceofastronginfluenzastraininthewinterof1920,butit
quicklyd isappearedandwasnotconsideredtobetheSpanishinfluenzastrain(Crosby,
1989,p.203).Alltold,theSpanishinfluenzapandemicclaimedover25millionlives,
includingover600,000intheUnitedStates(Wagner,1999,p.413).Thecauseofthis
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tremendouslossoflivesdeservestobefullyunderstoodandwillbethoroughlyanalyzed
inthenextsection.
11
3. Shadowy Origins of the Virus 
InordertolearnmoreaboutthecauseoftheSpanishinfluenza’spotency,itis
firstnecessarytoshowtheorigin ofthelethalstrain.Iftheoriginofthedeadlystraincan
bepinpointed,theremaybesomelightsheduponthereasonforitsincreasedvirulence.
Tobetterunderstandhowtheinfluenzavirusbecamesovirulent,generalfeaturesofthis
viruswillbe discussed.Basicdetailsoftheinfluenzavirus,includingitsstructureand
lifecycle,areconsistentwithcurrenttheoriesabouttheoriginoftheSpanishinfluenza
strain.Itwillbeshownthatevidencepointstoanamalgamationofswineandhuman
strainsthatresultedinanalteredhemagglutininsurfaceprotein.Althoughtheremaybe
otherpossiblealterationsintheSpanishinfluenzastrainthatcontributedtoitsvirulence,
thepivotalrolethathemagglutininplaysinviralinfectionsuggeststha tthisproteinisa
likelysourceofthe1918strain’slethality.
Thestructureandlifecycleoftheinfluenzavirusrevealinfluenza’spotentialfor
creatingaplethoraofgeneticvariantsthatcouldpossiblybedeadly.Forcomplete
informationabout theinfluenzastructureandlifecycle,referto BasicVirology ,by
WagnerandHewlett.Theinfluenzavirusisanenveloped,negative -senseRNAvirus
withamultipartitegenome.Althoughtherearethreetypesofinfluenzaviruses,
includingtypesA,B,a ndC,typeAisthecauseofrecurringoutbreaksaroundtheworld.
TypeAinfluenzahaseightseparatepartstoitsgenomethatareallpackagedinasingle
virion.Thesegmentedgenomeoftheinfluenzavirusisoneofthefactorsthatallowsfor
thepos sibilityofcreatinglethalstrainsofthevirusduringthevirallifecycle.
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Figure2.Structureofinfluenzavirus.
Inthelifecycleoftheinfluenzavirus,themachineryofahostcellistakenover
andusedtocreatemultiplecop iesofthevirus.Forinfluenza,theprocessofreplication
beginswithattachmentoftheviralmembraneglycoproteins,suchashemagglutininand
neuraminidase,tothehostcell’sreceptors.Theenvelopedvirusisthentakenintothe
cellbyavesiclei ntheprocessofendocytosis.Onceinsidethehostcell,theviral
envelopefuseswiththevesicleandreleasestheeightsegmentsofitsgenome.These
segmentsareintheformofribonucleoproteins(RNPs),negative -senseRNAstrands
surroundedbyprotei ns.TheseeightRNPsenterthehostcell’snucleus,wheretheyare
transcribedintopositive -sensemRNAstrandsusingtheviralenzymetranscriptase.In
ordertosynthesizeviralmRNA,thevirusmustfirststealthe5’capsofthehostcell’s
mRNA.Bys tealingthecapsofthehostcell’smRNA,theinfluenzavirushindershost
13
translation,butallowsforviraltranslationtotakeplace.Theviralproteinsarethen
translatedandthecomponentsofthenewvirionsmovetothehostcell’smembrane,
whereRN Areplicationandvirionassemblybegins.
Itisduringthepackagingprocessthatthepossibilityfornewstrainstoemerge
canbeseen.Theincorporationoftheeightsegmentsoftheviralgenomeintoeachnew
virionisnotstrictlyregulatedbytheinfl uenzavirus.Althoughmuchisunknownabout
thisprocess,itislikelythatduringRNApackagingtheinfluenzavirusmayensurethat
allthenecessarycomponentsofthegenomeareincludedinnewvirions,butitdoesnot
regulatewherethesecomponentsco mefrom.Thus,whenahostcellissimultaneously
infectedbydifferentstrainsofinfluenza,itispossiblethatgenomicsegmentsfromthese
differentstrainswillbeincorporatedintoeachvirion.
Thecommonoccurrenceofrecombinationeventsduringg enomereplicationalso
contributestovariationsinthevirus(Ahlquist,2002).InfluenzausesRNA -dependent
RNApolymerases(RdRps)toreplicateandtranscribeitsRNAgenome(Ahlquist,2002).
TheroleoftheseRdRpsistooperateincomplexesthatbrin gthepolymerasetoRNA
templatesandorganizethestepsofRNAsynthesis(Ahlquist,2002).TheRdRps,
however,havehigherrorratesandallowfortemplateswitchingduringRNAcopying
(Ahlquist,2002).Strandswitchingallowsthevirustoacquireporti onsofgenesfrom
othervirusesthatmaybeinvolvedinamixedinfection(Ahlquist,2002).Ifmultiple
virusesarecopyingtheirRNAgenomespriortopackaging,andtheerror -proneRdRps
exchangeRNAtemplateswithotherviruses,theresultisarecombin ationeventthatoften
createsnewviralstrains.Althoughrecombinationdoesnotalwaysproduceviralstrains
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thatexhibitincreasedvirulence,“Genomecomparisonsimplythatsuch RNA
recombination hasbeenthemajorforcein RNAvirusevolution”(Ahlqui st,2002).
Itcannowbeseenthatwhengeneticmaterialfromdifferentstrainsismixed
togetherinasinglevirionduetopackagingmistakesortemplateswitching,theresultisa
newstrainthatmayhavedifferentattachmentproteinswithaheighteneda ffinityfor
humancells.Itshouldnotbeassumedthateverycaseofmixedinfectionwillresultina
deadlierformofinfluenza.Itisimportant,however,torealizethatwhenavastsourceof
geneticmaterialisavailableforavirustoutilize,there isanincreasedchanceofcreating
amorepotentstrain,suchastheSpanishinfluenza.
Figure3.Lifecycleofinfluenzavirus.
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TypeAinfluenzaisabletoinfectavarietyofdifferenthosts,whichcanresultin
variouscombinations ofinfectionsbetweenswine,avian,andhumanstrains.This
scenarioofmixedinfectioniswhatresearcherscurrentlybelievecontributedtothe
creationofthedeadlySpanishinfluenzastrain.ResearchnowsuggeststhattheSpanish
influenzawascreated fromararemergerofswineandhumanstrains,bothdescending
fromanancestralavianstrain,thatresultedinanewhemagglutininmembraneprotein
withtheabilitytoinfectmoreefficiently.Althoughthistheoryisnotcompletelyworked
out,ithasno tbeendisprovedbyconflictingdataandstillremainsthemostlikely
scenarioforthecreationoftheSpanishinfluenza.
In“1918Spanishinfluenza:Thesecretsremainelusive”,RobertWebster
providessupportforthetheorythattheSpanishinfluenza wascreatedfromswineand
humanstrainsofinfluenzaoriginatingfromanavianstrain(Webster,1999).Webster
reliesupondataobtainedfromtissuesamplesofvictimsofthe1918pandemic.Afterthe
pandemicin1918,thesesamplesweretakenfromvicti msandpreservedinparaffinfor
futureresearchorfoundlateroninvictimsburiedinpermafrost.Websterexplainsthat
thecurrentmethodofstudyingthesesamplesistousereversetranscriptase -PCR
technologytoamplifythesamplesandobtaintheseq uencesofthevirus’sgenes.After
analyzingsuchsequences,certainconclusionswerereached(Webster,1999).
WebsterbelievesthattheSpanishinfluenzastrainresultedfromanexchangeof
geneticmaterialbetweenswineandhumanstrainsduringamixed infection.Although
themixingofgenomicmaterialbetweendifferentstrainsoccursrandomlyduringvirion
packagingandthusdoesnotalwaysyieldmorevirulentstrains,Websterfeelsthatone
sucheventwasabletocreatethedeadlySpanishinfluenzast rain.Thedataalsoshow
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thattheSpanishinfluenzastraindidnotinvolveanavianstrainduringthismixed
infection,butmayhavebeenrelatedtoanavianancestor.Thesequenceofthe
hemagglutiningenerevealedthattheSpanishinfluenzavirusdidn otcreateanyofthe
polybasicaminoacidsthatarecharacteristicofthehemagglutininofextremelyvirulent
avianinfluenzastrains(Webster,1999).Thispieceofdataindicatesthatanavianstrain
couldnothavecontributedgeneticmaterialduringthe mixedinfectionthatcreatedthe
Spanishinfluenza.SequencingoftheSpanishinfluenza’shemagglutiningenealso
revealedthatthislethalstrainwassimilartoswinestrains.Sofar,theseanalysessupport
thetheorythatthe1918strainarosefroma mixedinfectioninvolvingpigs,butnotbirds.
Althoughthemixedinfectiondidnotinvolveavianstrains,thereisevidencethatthe
sourceoftheswineandhumanstrainswasabird.Bycreatingphylogenetictrees,itcan
beseenthattheSpanishinflue nza’shemagglutininiscloselytiedtoswineandhuman
strains,buttheantigenicandreceptorbindingsitesofthevirusdisplayatraceamountof
avianqualities(Webster,1999).Theseaviancharacteristicswerenotsubstantialenough
toalterthetropi smofthevirus,buttheydorevealancestralties.Thisevidencesupports
thenotionthathumanandswinestrainsofinfluenzaoriginatedfromanavianancestor
andlaterexchangedgenomicsegmentsduringamixedinfectiontocreatetheSpanish
influenza.
Webster’spaper,“1918Spanishinfluenza:Thesecretsremainelusive”,also
shedssomelightonthetimeandlocationthattheSpanishinfluenzafirstarose.By
studyingepidemiologicdata,itcanbeseenthattherewasadeadlyinfluenzaepidemicin
thepigpopulationoftheUnitedStatesthatcoincidedwiththehumanepidemic.
Althoughexistingrecordsdonotprovidemuchevidence,theydosuggestthatavirulent
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strainofinfluenzaexistedinthepigpopulationpriortotheinitialappearanceofth e
Spanishinfluenzainhumansduringthespringof1918(Webster,1999).Thismay
suggestthattheSpanishinfluenzawasfirstcreatedinthepigpopulationandeventually
madeitswayintothehumanpopulation.Thisjumpfrompigstohumansmayhave
occurredinaMidwestfarm,wherepigsandfarmersareofteninclosecontactwitheach
other.Afterthismixedinfectionwasestablishedinthehumanpopulation,adeadlier
formoftheviruswascreatedduringachancevirionpackagingevent.Thisnotioni s
backedupbythefactthattheinfluenzavirushasthetendencytomutaterapidlywhenit
entersanewhost(Webster,1999).Also,ithasbeendeterminedthattheregionofthe
influenzagenomethatevolvesthemostwhenthevirusentersanewhostist hesection
codingforhemagglutinin(Webster,1999).Thehigherrateofevolutionforthe
hemagglutininproteinisbaseduponanalysisofthegenomesofotherhighlyvirulent
strainsthathaveenterednewhosts(Webster,1999).Thereasonforthishighe rrateof
evolutionisunknown,butperhapsitisduetotheincreasedselectivepressureplaced
upontheproteinsthatdeterminehostspecificity,suchashemagglutinin.Thus,ifavirus
mutatesrapidlyuponenteringanewhost,itishighlylikelythat aftermakingtheleap
fromthepigpopulationtothehumanpopulation,theSpanishinfluenzafurthermutated
andbecameincreasinglyvirulentthroughoutthefirstwaveofinfection.Thisnotion
providesmoreinformationaboutthesourceoftheSpanishinf luenzaandsupportsthe
ideathatthestrainwasinsomewayrelatedtopigs.
Thetheoryofmixedinfectionbetweenswineandhumaninfluenzaisalso
supportedbyGibbs etal (2001),whichproposedthatthehemagglutininproteinwasthe
mostlikelycauseo ftheSpanishinfluenza’sincreasedvirulence.Thishypothesiswas
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madebasedondatashowingthatinfluenzavirulenceismostlyestablishedby
hemagglutininandthathighlypathogenicstrainsofinfluenzaoftencontainmutationsin
thehemagglutiningene (Gibbs,2001).Inthisstudy,severalhemagglutiningene
sequencesfromhumans,pigs,andbirdswerealigned.Then,usingacomputerprogram,
everypossibleamalgamationofthesethreesequenceswasanalyzedinordertofinda
combinationthatresembled the1918hemagglutininsequence.Ofallthepossible
recombinationevents,onlyonemixturewassimilartothatoftheSpanishinfluenza.This
particularcombinationwascreatedusingonlyswineandhumansequences,notavian
sequences(Gibbs,2001).T heseresultssuggestthattheSpanishinfluenzawascreated
fromhumanandswinestrains,butnotwithavianstrains.
Furtheranalysisoftherecombinedsequenceidentifiedthespecificsequencesof
theSpanishinfluenza’shemagglutiningenethatwereofs wineandhumanorigin.Itwas
foundthatthe“globulardomain”oftheSpanishinfluenza’shemagglutininthatcontains
antigenicandhostcellreceptorbindingsiteswascreatedfromproteinsencodedbya
swineinfluenzastrain.The“stalk”sectionofthe hemagglutininproteinthatsecuresthe
hemagglutinintothevirus’senvelopewascreatedfromproteinsencodedbyahuman
influenzastrain(Gibbs,2001).Aspreviouslydiscussed,therecombinationeventthat
createdthisnewhemagglutininproteinischar acteristicofRNAviruses(Ahlquist,2002).
Duetothetemplateswitchingallowedbyerror -proneRdRps,recombinationeventsarea
commonoccurrencebetweentheRNAofdifferentvirusesduringamixedinfection
(Ahlquist,2002).Thus,itcanbeseenthat acommonrecombinationeventduring
genomereplicationcouldhaveledtothecreationofahemagglutininproteinconsisting
ofgeneticmaterialfromswineandhumaninfluenzastrains.
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Figure4.Front,top,andsideviewsofthehemag glutininprotein.
Thenotionthatthehumanandswinestrainsofinfluenzaarosefromacommon
avianancestorwasalsoconfirmedbyGibbs etal(2001).Bystudyingevolutionaryties,
itwasshownthatanavianstrainofinfluenzafounditswayintomammal sandthensplit
intoahumanandaswinelineage.Itisthoughtthatthisjumpfrombirdstomammals
occurredafter1900,butbeforethepandemicof1918(Gibbs etal,2001).Afterthetwo
lineageswereestablished,arecombinationeventbetweentheswi neandhumanlineages
tookplaceduringamixedinfection.Itisbelievedthatthisincidentresultedinanew
formofinfluenzawithaheightenedvirulence.Datafromthephylogenetictreesshows
thatthisnewstrainofinfluenzaarosedirectlybeforet heoutbreakin1918,andismost
likelytheSpanishinfluenzastrain(Gibbs,2001).TheseresultsaresummarizedinFigure
8,whichshowstheancestryoftheSpanishinfluenza.Thetriangleindicatesthejump
frombirdstomammals,andthecirclesrepres entrecombinationeventsbetweenthe
connectedlineages.Thebarssymbolizethehemagglutiningeneanditscomposition
(Gibbs etal ,2001).
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Figure5.EvolutionoftheSpanishinfluenza.
EarlierstudiesofTaubenberger etal(1997) alsoprovideevidencethatthe
Spanishinfluenzaarose fromswineandhumanstrainshavinganavianancestor.
SamplesoftheSpanishinfluenzaviruswereobtainedfrom TheArmedForcesInstitute
ofPathologyinWashington,D.C.,wheretissuefromAmericansoldierswhodiedfrom
theSpanishinfluenzaisprese rved. Sevensoldierswereselectedwhodiedwithinone
weekoftheirsymptomsappearingsothattherewouldhavebeenenoughtimeforthe
virustoreplicateandproduceareliablesample (Taubenberger,1997).Afteracquiring
thepreservedsamplesofthe Spanishinfluenzavirus,reversetranscriptase -PCRwasused
toamplifythegenesencodinghemagglutinin,nucleoprotein,neuraminidase,andmatrix
proteins1and2,andasequenceanalysiswasusedtocreateaphylogenetictree
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(Taubenberger,1997). Inthi stree,theSpanishinfluenzagenesequencesobtainedfrom
theAmericansoldierswerecomparedto30othersequencesfromvariouspresent -day
mammalandavianstrains.Theresultsfromthisanalysisshowedthatthesequences
obtainedfromtheSpanishinfl uenzawerecloselyrelatedtomammalianstrains,
especiallyhumansandpigs,butnottoanybirdstrains (Taubenberger,1997).Thedata
alsorevealedthatthehemagglutiningenewasmostlikelythecauseoftheSpanish
influenza’sincreasedvirulencebeca useitwasmorecloselyrelatedtotheswineand
humanstrainsthanweretheother1918viralgenes.Therefore,thehemagglutininprotein
wasalteredmorethantheotherSpanishinfluenzaproteins( Taubenberger,1997).
TofurtherdemonstratethattheSpa nishinfluenzadidnotarisefroma
recombinationeventinvolvingbirds, thesequencesofthehemagglutiningenesfromthe
Spanishinfluenzawereexaminedtodetermineiftheycontainedcertainaviansequences
(Taubenberger,1997) .Avianstrainsofinflue nzawithaheightenedvirulencetypically
containasequenceintheirgenomethatcodesforaseriesofbasicaminoacidsona
hemagglutinincleavagesite (Taubenberger,1997) .Itwasalsoknownthatthissequence
encodingthebasicaminoacidshadnotbe enfoundinanymammalianstrains
(Taubenberger,1997) .Thus,determiningwhetherornottheSpanishinfluenzastrain
containssuchasequencewouldprovidemoreinformationaboutitsorigin.Todetermine
iftheSpanishinfluenzastraincontainedthisav iansequence,Taubenbergercreated
primersthatflankedthisspecificaviansequenceandattemptedtoamplifythesequence
usingtheSpanishinfluenzastraininaPCRreaction.Therewasnoevidenceto
demonstratethattheSpanishinfluenzahemagglutinin genecontainedthissequence.This
resultfurtherindicatedthatavianinfluenzastrainsmostlikelydidnottakepartinthe
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recombinationeventthatcreatedtheSpanishinfluenza ( Taubenberger,1997)andthus
supportedthesubsequentsequenceanalysisb yGibbs etal(2001).Whileanavianstrain
wasnotinvolvedintheprimaryreassortment,theTaubenbergergroupprovided
phylogeneticevidencesuggestingthattheSpanishinfluenzahadanavianancestor.
Furtheranalysissuggestedthattheavianancesto rjumpedintoamammalianhostbefore
the1918pandemic( Taubenberger,1997).
ThevastamountofevidenceprovidedbythecurrentresearchonSpanish
influenzaallpointstoaspecificmechanismforthecreationofthisdeadlystrain.The
studiesshowth atatsomepointintheearly1900’s,anavianstrainfounditswayintoan
unknownmammalianhost.Onceinsidethismammalianhost,theavianstrainevolved
intoahumanlineageandaswinelineage.Then,duringamixedinfection,theseswine
andhuman strainsexchangedgeneticmaterial.Thisgeneticexchangeisthoughttohave
beencausedbyeitherthemixingofgenomicsegmentsduringpackaging,orthe
recombinationofgenomicRNAduetomistakesmadebytheRdRps.Theresultofthis
geneticexchange wasanewformoftheinfluenza’shemagglutininprotein,consistingof
partsfrombothswineandhumanstrains.Althoughotherproteinsmayhavebeenaltered
aswell,researchersagreethatthehemagglutininproteinisthemostlikelycauseofthe
Spanishinfluenza’sincreasedvirulence.Thereasonswhythisnewhemagglutininmade
theSpanishinfluenzasodeadlywillbediscussedinthenextsection.
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4. Why was the Spanish influenza so Deadly? 
Theexactreasonsastowhythisnewstrainofinfluenzaha dtheabilitytocauseso
muchdamagetovictims,especiallytoyoungadultsintheprimeoftheirlives,haveyetto
beuncovered.Afterstudyingmostoftheviralgenome,themechanismforthis
pathogenesisisunknown,butthereareseveralproposalsas towhythealtered
hemagglutininproteinmayhavegiventheSpanishinfluenzastrainsuchvirulence.
Thehemagglutininproteinisresponsibleforallowingtheinfluenzavirustoenter
itshostcell.Whentheinfluenzaviruscomesincontactwithapoten tialhostcell,the
hemagglutininproteinattachestothesialicacidreceptorofthehostcellmembraneto
anchortheinfluenzavirusandinitiatetheendocytosisprocess.Researchhasshownthat
theabilityofinfluenzaAvirusestoinfectdependsprima rilyonthehemagglutinin
protein(Gibbs,2001).Thus,itisclearthatachangeinthehemagglutininproteincould
potentiallystrengthenthevirus’sabilitytoanchoritselftothehostcellandcausean
infection.Infact,ithasbeenfoundthatifth ehemagglutiningeneismutated,extremely
virulentstrainsofinfluenzacanbegenerated(Gibbs,2001).
Figure6.Influenza’shemagglutininprotein.
24
ResearchdonebyGibbssuggeststhatthehemagglutiningeneoftheSpanish
influenza strainwasinfactalteredduringamixedinfectioninvolvinghumanandswine
strains.Thismutatedgeneencodedforahemagglutininproteinwithaswineinfluenza
“globulardomain”andahumaninfluenza“stalk”(Gibbs,2001).Thisnew
hemagglutininmay alsohavebeenabletobindmoreefficientlytothehostcell’ssialic
acidreceptororhavechangeditstargethostcellsaltogether,perhapstocellsinthelungs
whereitcouldcausepneumoniamoreeasily(Gibbs,2001).Anyoneofthesescenarios
couldpossiblyresultinamorevirulentinfluenzastrain.
Sincethereisnocompleteexplanationforwhythealteredhemagglutininprotein
madetheSpanishinfluenzasodeadly,itisdifficulttodeterminewhyitalsohadthe
unusualabilityofinfectingyoun gadultsintheprimeoftheirlives.Thereisonepossible
theoryofferedbySirMacFarlaneBurnet,the1960recipientoftheNobelPrizefor
Medicine.BurnetsuggeststhattheincreasedvirulenceoftheSpanishinfluenzainduced
amorepowerfulrespons efromthehumanimmunesystem.Theimmunesystemcould
notmountaspecificattackonthenewlyencounteredformofthevirus,soitreleaseda
generalizedresponseintheformofintenseinflammationintheareaofinfection.This
powerfulinflammation inthepulmonarytractcausedalargeamountoffluidbuildupin
thelungs,whichresultedindeathfortheinfectedindividual.Youngchildrenandolder
adultshaveaweakerimmunesystemthanthatofayoungadult,sotheinflammationin
theyoungand oldwasnotstrongenoughtofilltheirlungswithfluidsanddrownthem
(Crosby,1989,p.221).Althoughthistheorywasdevelopedbeforethecompositionof
theSpanishinfluenza’shemagglutininwasdiscovered,itstillremainspossible.Perhaps
ifthe alteredhemagglutininwasabletobindmoreefficientlytohostcells,thenthevirus
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wouldbeabletomultiplymoreefficiently,resultinginunusuallylargeamountsofvirus
inthebody.Thismassiveamountofforeignmatterwouldevokeanintenserespo nse
fromtheimmunesystemthatcouldpotentiallyfloodthelungs.Thisisaconceivable
explanationfortheSpanishinfluenza’suniqueabilitytokillmoreyoungadultsthanan
ordinarystrainofinfluenza.
Unfortunately,nostudieshaveyetbeenconduct edtoproveanytheoryregarding
theSpanishinfluenza’svirulence.InorderforthepathogenesisoftheSpanishinfluenza
tobedetermined,experimentsmustbeconductedusingreconstructedportionsofthe
1918virus.Currenttechniqueswillsoonallow researcherstorecreatethe1918strain
anddeterminetheexactmechanismofpathogenesis.
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5. Future Research 
Studiestodatehavesuggestedthatanalteredformofthehemagglutininprotein
maybethemainreasonforthe1918influenza’svirulence.R esearchhasfocusedonthe
hemagglutininproteinbecauseithastraditionallybeenlinkedtotheincreasedvirulence
associatedwithfluepidemics.However,thereisstillmuchmoreworktobedonein
ordertodeterminetheexactoriginsoftheSpanishin fluenzaandthereasonsforits
potency.ThesequenceoftheentireSpanishinfluenzagenomehasyettobecompleted
andinvestigatorsarestillexaminingcharacteristicsoftheancestorstrains.Researchers
believethatwhentheseareasofstudyhavebe enexhausted,themysteryoftheSpanish
influenzawillfinallybesolved.
OncetheentiregenomeoftheSpanishinfluenzaisfoundandsequenced,the
exactcauseofitspotencymaybedetermined.Oneparticularsequenceofinterestisthe
geneencodingv iralpolymerase.Whenviralpolymeraseisalteredduetoamutation,the
targethostandareaofinfectionareoftenchanged(Zucker,2002).Influenzautilizes
threepolymerasesincludingPA,PB1,andPB2,duringthecourseofinfection.These
polymerasesareassociatedwiththeRNPsofthevirusthroughouttheinfectioncycle.
Thus,onepossibleeffectofanalteredpolymerasewouldbetochangetheRNP’sability
tomovepastthenuclearenvelopeofthehostcell.Perhapsanalteredpolymerasewould
allowimprovedentryintothenucleusofanewtargetcell,andthustheviruswould
attackadifferentregionoftherespiratorytract.PB1andPB2arealsoresponsibleforthe
processofcapstealing,whichallowsforviralRNAproduction.Ifeitherof these
polymeraseswerealtered,theviruscouldpossiblyimproveitsabilitytoreplicateinthe
hostcell.Itcanbeseenthatachangeinapolymerasecouldpotentiallycausethevirusto
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targetmoreareasinthelungsorimproveitsreplicationability ,resultinginalarger
immuneresponseandgreaterfluidbuildup.Learningmoreaboutthepolymeraseofthe
Spanishinfluenzamayalsorevealthattheheightenedvirulenceofthisstrainwasdueto
thecombinedeffectsofalteredhemagglutininandpolyme rase.
ObtainingthecompletesequenceoftheSpanishinfluenzagenomemayalsoallow
medicalresearcherstodeterminehowtoprotectthepopulationfromanothersuch
outbreak.Withthefull1918genomeavailabletothem,researcherswillbeableto
developvaccinesandanti -viraldrugstopreventanotheroutbreakintheeventthatthe
Spanishinfluenzaorasimilarstrainweretostrikeagain.Theeffectivenessofexisting
drugscouldalsobetestedifthecompletesequenceoftheSpanishinfluenzageno mewas
known(Webster,1999).
ItisalsoimportanttolearnmoreaboutthepreciseoriginoftheSpanishinfluenza
strainsothatitsheightenedvirulencecanbefullyunderstood.Althoughcurrentresearch
hasdeterminedthattheSpanishinfluenzawasmos tlikelycreatedfromswineandhuman
strainsstemmingfromanavianancestor,samplesofthesestrainshavestillnotbeen
found.Researchersalsohopetofindtheweakerstrainofthevirusthatcausedthefirst
waveoftheSpanishinfluenza.Researche rsbelievethatsamplesoftheseelusivestrains
willmostlikelyturnupinavianfecesandmammaliantissuesthathavebeenpreservedin
permafrostsincethe1918outbreak(Webster,1999).Infact,explorationsintothe
permafrostoftheAntarctictofi ndthefrozenfecesofgullsandpenguinsinpastnesting
locationshavealreadybegun(Webster,2001).
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6. Could the Virus Return? 
AlthoughtheSpanishinfluenzahasbeenunseenforover80years,manyof
today’sresearchersfeelthatanotherdeadlystr ainofinfluenzamayresurfaceinthe
future.Althoughrandom,theprocessesofreassortmentandrecombinationcantake
advantageofthevastamountofgeneticmaterialavailableduringmixedinfectionsto
createanendlessnumberofnewinfluenzastrains .Infact,suchoccurrenceshavealready
createddeadlyinfluenzastrainsin1957,1968,and1997.Anevenmorethreatening
possibilityistheintentionalreconstructionofthe1918influenzavirusinthelaboratory.
Thus,itisimportanttoexamineall possiblesourcesoftheSpanishinfluenzaorsimilar
strainssothattheycanbeavoidedinthefuture.
Theoccurrenceofanotherreassortmentorrecombinationthatleadstoavirulent
strainisonepossiblesourceofanotherdeadlystrainofinfluenza. Recombinationand
reassortmentarecommoneventsthatcreateaninfiniteamountofnewgenetic
combinations.Althoughnoteverynewinfluenzastrainthatiscreatedwillhave
heightenedvirulence,thenumberofpossibilitiesissogreatthatvirulentstra inscanbe
createdregularly.Infact,moredeadlystrainsofinfluenzahavealreadysurfaceddueto
suchrandomevents.The1957Asianfluandthe1968HongKongfluwereboththe
resultofreassortmentduringmixedinfection(Webster,2001).Theseinf luenzastrains
bothhadgenomesconsistingofcomponentsfromavianandhumanstrains(Webster,
2001).In1997,anotherdeadlyinfluenzavirusemergedinHongKong(Webster,2001).
Thisviruswasfoundtohavealteredpolymeraseandhemagglutininprotein spossibly
causedbyrecombination(Webster,2001).Thus,recombinationandreassortmentevents
remainpotentialsourcesforhighlyvirulentinfluenza.
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Inatimewhenactsofbioterrorismareconstantlyappearingacrosstheglobe,the
intentionalreconstr uctionoftheSpanishinfluenzabyterroristgroupsisperhapsthemost
threateningsourceofthisdeadlyvirus.ResearchconductedontheSpanishinfluenzahas
alreadyyieldedthesequenceofalargeportionofthe1918genome,andthesedatacan
easily beacquiredontheInternet.Soontheentiregenomeofthe1918viruswillbe
uncovered,andwiththissequenceinhand,aterroristgroupcouldpotentiallyreconstruct
thisdeadlyvirusanduseitasaweapon.Usingexistingplasmid -basedreversegeneti cs
techniques,itiscurrentlypossibletoartificiallycreatestrainsofinfluenza,suchasthe
Spanishinfluenza,thathaveheightenedvirulenceinspecifichosts(Webster,2001).In
fact,TerrenceTumpeyandhisresearchteamhavealreadycreatedinflu enzastrains
containingthe1918hemagglutinin,neuraminidase,andmatrixproteins(Tumpey,2002).
Althoughthesestrainswerecreatedunderbiosafety level3 conditionsforresearch
purposesonly,thefactthattheSpanishinfluenzahasalreadybegunto reemergeisquite
frightening.Duetothepowerofcurrentgenetictechnology,itisextremelyimportantfor
researcherstomakecarefuldecisionswhenexperimentingwithhighlyvirulentstrainsof
influenzaandforthegovernmenttocloselymonitoranys uchactivities.
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7. Precautionary Measures 

NowthatthepotentialthreatoftheSpanishinfluenzaorsimilarstrainshasbeen
demonstrated,itisclearthatprecautionarymeasuresmustbetakentopreventfuture
pandemics.Fortunately,groupssuchas theWorldHealthOrganization(WHO),National
RespiratoryandEntericVirusSurveillanceSystem(NREVSS),FoodandDrug
Administration’sVaccineandRelatedBiologicalProductsAdvisoryCommittee,and
CentersforDiseaseControlandPrevention(CDC)areco nstantlymonitoringthe
influenzastrainsaroundtheglobeandhavedevelopedprotocolsintheeventofafuture
outbreak.Theseorganizationshavedoneanexcellentjobinprotectingthepublicfrom
theinfluenzavirus,butthetimeperiodrequiredtoid entify,study,anddevelopavaccine
foranewstrainofinfluenzaisstilltoolong.Inordertostrengthenthefightagainst
influenza,agloballabmustbecreatedtoreducethetimeneededtoprotectthepublic
fromemergingstrains.Thedevelopment ofnewvaccinesanddrugsisalsonecessaryto
preparefornewstrainsofinfluenza.
Currentorganizationsmonitoringtheinfluenzavirushavedonemuchtoprotect
thepublicfrominfluenza,buttheireffortswouldbegreatlyimprovedbyagloballab.
Eachyear,WHOusesitsworldwidefacilitiestocollectandstudynearly200,000viral
samplesfromalmostabilliondifferentinfluenzacases(Layne,2001).Afterstudying
thesesamples,WHOholdsformalmeetingstodeterminewhichstrainsposethebiggest
threattopublichealth.Atthispoint,manufactureshaveapproximately6monthsto
developandproduceavaccinethatwillbegiventonearly200millionpatients
worldwideinthenext3months(Layne,2001).Thisprocesshasbeenusedformany
yearsa ndhasdoneanexcellentjobprotectingthepublic.Thereare,however,some
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drawbackstothecurrentcourseofaction.Oneproblemisthatthemethodsusedtostudy
theinfluenzasamplestakeagreatdealoftimeandefforttoconduct.Therefore,nota llof
theinfluenzasamplesarecompletelycharacterized(Layne,2001).Evenifastrainis
fullyanalyzed,theentireprocessfromcollectingthesampletounderstandingthevirus
takesanywherefromafewweekstoafewmonths(Layne,2001).Duringthi stime,a
virulentstraincouldeasilyspreadthroughoutthepopulation.
TheInstituteofMedicineandNationalAcademyofEngineeringfeelthatthe
solutiontotheproblemswithcurrentdetectionmethodsistheformationofagloballab.
Thiscentralized labwouldutilizehighlyadvancedbiological,informatics,and
engineeringtechnologytoquicklyanalyzeinfluenzasamplescollectedandsentinby
WHO(Layne,2001).Usingautomatedsystems,thegloballabwouldbeabletofully
analyzeasamplewithin daysofreceivingit.Dataonanalyzedstrainswouldbeplaced
ontheInternetfororganizationsacrosstheglobetoutilize(Layne,2001).Itwouldtake
thisgloballabonlyafewyearstoproducea10 15bit -sizeddatabaseofallknown
influenzadatath atwouldbeenormouslyhelpfulinfightingthevirus(Layne,2001).The
globallabwouldalsobeabletomonitorinfluenzastrainscirculatinginpopulationsof
animalswithahistoryofpassinginfluenzastrainsintothehumanpopulation(Layne,
2001). Analystsbelievethatagloballabcouldbeupandrunningatfullcapacitywithin
5yearsassoonasthe$45millionpricetagiscovered(Layne,2001).Althoughthecost
ishigh,thegovernmentcouldeasilyafforditandwouldinstantlysavemillionsof dollars
ininfluenzastudiesandvaccinedevelopmentassoonasthegloballabwascomplete.
Costaside,thegloballabwouldalsosavethousandsoflivesandprotectthepublicfrom
anydangerousstrainsofinfluenzathatmaysurface.
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Ofcourse,aglob allaboranyotherorganizationwouldbeuselessiftherewereno
vaccinesordrugsforthemtofightaninfluenzaoutbreakwith.Thus,itisimportantto
createandstockpileeffectivedrugsbeforeanotherpandemicoccurs.Currently,vaccines
arethep revailingmethodofattackagainsttheinfluenzavirus(Zucker,2002).These
vaccinesconsistofinactivehemagglutininandneuraminidasesubunitsretrievedfrom
differentstrainsoftheinfluenzavirus(Laver,2001).Unfortunately,theeffectivenessof
vaccinesislimitedbytheacceleratedmutationrateofinfluenza(Zucker,2002).Using
newreversegeneticstechniques,researcherswillsoonbeabletocreatevaccinesmuch
easierthanbefore.Researcherscannowgeneticallyengineerattenuatedvaccine swith
anycombinationofdesiredcomponentsandabilities.Thesenewprocedureswillallowa
vaccineforanewstrainofinfluenzatobecreatedinonlyafewmonths,asopposedto
thesixmonthsittakesnow(Webster,2001).Duringthesemonths,howeve r,anew
strainofinfluenzacouldrapidlyspreadthroughoutthepopulation.
Inordertoprotectthepublicduringthetimeittakestoprepareanewvaccine,it
isnecessarytouseantiviraldrugs(Webster,2001).Theantiviraldrugsthatexisttoday
includeneuraminidaseinhibitorsandM2ion -channelinhibitors.Neuraminidase
inhibitorsactbypreventingthesurfaceproteinneuraminidaseoftheinfluenzavirusfrom
cleavingthesialicreceptorsonthehostcell.Thisactionpreventsthenewvirionsfr om
detachingfromthehostcellandspreadingtheinfection(Tumpey,2002).Examplesof
neuraminidaseinhibitorscurrentlyavailableincludezanamivir,whichisinhaled,and
oseltamivir,whichistakenorally(Zucker,2002).Anotherformofattackisthe M2ion -
channelinhibitors,whichpreventuncoatingandthereleaseoftheRNPsfromthe
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endosome.Theresultofthisstoppageisthepreventionofviralentryintothehostcell
cytoplasm(Tumpey,2002).
Inaninterestingexperiment,onegroupofresear cherstestedtheeffectivenessof
currentantiviraldrugsonstrainscontainingcomponentsreconstructedfromthe1918
viralgenome.UsingthecurrentknowledgeoftheSpanishinfluenza’sgenome,this
groupcreatedinfluenzastrainscontainingthesamehe magglutinin,neuraminidase,and
matrixproteinsthattheoriginalvirushadin1918.Itwasfoundthatstrainscontaining
boththe1918hemagglutininandneuraminidaseproteinswereextremelyvirulentand
lethalinmice(Tumpey,2002).Thepotencyofthe 1918strainswasfurtherdemonstrated
whencontrolstrainscontainingthehemagglutininandneuraminidaseproteinsfrom
currenthumansampleswerenotabletokilltheinjectedmice(Tumpey,2002).Itwas
alsofoundthatexistingantiviraldrugswereabl etopreventthestrainscontaining
Spanishinfluenzacomponentsfrominfectingtissueculturesandmice.Boththe
neuraminidaseinhibitorsandtheM2ion -channelinhibitorswereproveneffectiveagainst
therecombinantviruscreatedinthisexperiment(T umpey,2002).Theresultsfromthis
experimentareveryencouragingandsuggestthatiftheSpanishinfluenzaeverreturned,
currentdrugswouldeffectivelystopit.
Itseemsasthoughantiviraldrugswouldbethemosteffectivemethodof
preventinganoth erinfluenzapandemiclikethatof1918.Antiviralshavebeenprovento
stopinfluenzafromreplicating,buttheyareonlyeffectiveifusedearlyoninthe
infection.Thesedrugscannotreverseanydamagethatthevirushasalreadycaused,soit
isnece ssarytousethemassoonastheinfectionbegins(Laver,2001).Inordertodetect
aninfluenzainfectionearlyon,itisnecessarytocreatediagnosticteststhatwillrevealif
34
apatient’ssymptomsarebeingcausedbyinfluenza(Laver,2001).Nowthat researchers
havedeterminedexistingdrugscanbeusedtocombatinfluenzapandemics,itisuptothe
governmenttostockpiletheseantivirals.Thesedrugswillonlybeeffectiveiftheyare
availableinlargeamountsandaplanfortheirimmediatedistr ibutionintheeventofan
outbreakisdeveloped.Unfortunately,therehasbeenlittleeffortshownbythe
governmentinstockpilingsuchdrugs,anddrugcompaniesarenotproducingantivirals
becauseitisnotcosteffective(Laver,2001).Thepossibili tyofanotherdeadlyinfluenza
strainemergingfromnatureistoosignificanttobeignored.Theintentionalcreationof
lethalinfluenzaisalsoacauseforconcern.Thegovernmenthastakenmanymeasuresto
avoidterroristattacksandhasrecentlyfund edanationalsmallpoxvaccinationtothwart
anyactsofbioterrorismemployingsmallpox.Therefore,thereisnoreasonwhythe
governmentshouldignoretheveryrealthreatofterroristsutilizinglethalinfluenzato
attackthepublic.
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8. Conclusion 

Now,afteranalyzingthepast,present,andfutureoftheSpanishinfluenza,itis
apparentthatthisviruscannotbeoverlooked.Theprocessesofrecombinationand
reassortmentareconstantlycreatinganendlessamountofgeneticallyalteredstrainsof
thevirusandanyoneofthemcouldbethenextSpanishinfluenza.Alongwiththethreat
fromnatureisthethreatofartificialreconstructionoftheSpanishinfluenzaoranother
lethalstrainforthepurposesofbioterrorism.Itcannotbestressedenough thatthe
Spanishinfluenzaandequallydeadlystrainsofthevirusmustnotbeignored.Forthis
reason,itisimportantforresearcherstocontinuetheirsearchfortheelusivesecretsofthe
Spanishinfluenza.Sofar,researchershavefoundthattheh emagglutininreceptorofthe
Spanishinfluenzawasthemostlikelysourceofitspotencyandthatitwasan
amalgamationofswineandhumanstrainsfromacommonavianstrainthatcreatedthis
virus.Withmoreresearch,itisverylikelythatthemystery behindtheSpanishinfluenza
willbesolvedinthenearfuture.Withtheknowledgethatisavailabletodayandthe
knowledgethatwillbeacquiredinthefuture,itisuptoresearcherstofullyunderstand
highlyvirulentinfluenza,anditisuptothego vernmenttoimplementthemostefficient
approachtomonitoringinfluenzastrainscirculatingtheglobe.
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